09/986,446 Attorney Docket No.: 20496/365 

REMARKS 

Reconsideration of the above-identified patent application, as amended, is 
respectfully requested. By means of the present Amendment, independent claims 12 and 
24 have been amended, while claims 19 and 20 have been cancelled. Accordingly, 
claims 12-18 and 21-24 are now pending in the application. Of the foregoing, claims 12 
and 24 are independent. 

In the Office Action dated December 29, 2003, the Examiner rejected claims 12, 
13, 19, and 24 under 35 U.S.C. 102(b) as being anticipated by JP 07-207,357 ("JP '357"). 
According to the Examiner, JP '357 teaches a device for filtering and adding grain 
refining material to a metal melt, the device comprising a first filter, a grain refining 
material feed downstream of the first filter, and a second filter downstream of the first 
filter, as set forth in claim 12. The Examiner also rejected the balance of the claims in the 
application under 35 USC 103(a) as being unpatentable over JP '357 in view of one or 
more of US 4,790,873 ("US '873"), US 4,1 13,241 ("US '241"), and US 4,790,870 ("US 
'870"). 

In response to these grounds for rejection, applicants have amended independent 
claims 12 and 24 to incorporate the limitations of claims 19 and 20. Consequently, all 
claims now specify that the second filter comprises a porous filter medium in the form of 
a deep-bed filter. It is submitted that claims 12 and 24 are neither anticipated nor 
rendered obvious by the prior art of record. 
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In particular, submitted herewith is a copy of JP '357 in Japanese as well as in 
unsworn English translation thereof. As can be seen, JP '357 discloses a device for 
filtering and adding a grain-refining material to a metal melt, said device comprising a 
first filter and a second filter, wherein the grain-refining material feed is disposed 
between the first filter and the second filter. See the abstract and claim 1 of JP '357. JP 
'357 further teaches that the second filter should be in the form of disposable plate filters, 
rather than in the form of an expensive deep-bed filter as now specified in claims 12 and 
24. Thus, at para. [0013], JP '357 states that adding grain-refining material leads to an 
accelerated clogging of the filter in the second filtering stage due to the formation of 
coarse Al-Ti and Al-Ti-B impurities of the grain refining material. Also, at para. [0016] 
and in claim 4 of JP '357, the second filter is disclosed as being in the form of a "cheap 
and therefore disposable plate-shape filter." 

Accordingly, JP '357 no longer anticipates claims 12 and 24. Furthermore, JP 
'357 does not render claims 12 and 24 unpatentable since it does not suggest using a 
deep-bed filter for the second stage filtering. To the contrary, JP '357 specifically 
teaches the use of a cheap, disposable plate-shaped filter for the second stage filtering 
because of the clogging problem mentioned above. 

The deficiencies of JP '357 are not remedied by US '873. US '873 discloses a 
deep-bed filter which removes inclusions from a metal melt in two steps. In the first step, 
the filter retains metal-non-wettable inclusions caused by oxide particles. In the second 
step, the filter retains metal-wettable inclusions arising from grain-refiners, e.g., TiB2. 
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See, col. 2, lines 30-34 and 46-48, of US '873. Furthermore, US '873 discloses that 
adding borides as grain-refiners leads to impurities in the form of clusters up to 30 
microns in size. See col. 2, lines 46-56. In view of the teachings of JP '357, however, 
coarse impurities together with oxide inclusions enhance clogging of the filter by forming 
a tenacious filter cake. See para. [0013] of JP '357. 

Therefore, a person skilled in the art would expect enhanced clogging of the 
second filter and would not be motivated to use an expensive deep-fed filter as the second 
filter. Rather, the skilled artisan would be motivated, as in JP '357, to employ a cheap- 
disposable plate filter for the second filter under these circumstances. Thus, the 
inventions of claims 12 and 24 would not be obvious to a person of ordinary skill in the 
art from the teachings of JP '357 when taken together with the teachings of US '873. 
Since neither US '241 nor US '876 disclose the use of deep-bed filters for filtration of 
metal melts, it is submitted that the invention set forth in claims 12 and 24 are not 
rendered unpatentable by any combination of the prior art of record. 

As the remaining claims in the application all depend from claim 12, and 
therefore incorporate each of its limitations by reference, it is submitted that they too are 
patentable over the prior art of record. 
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In view of the foregoing, it is believed that the application is now in condition for 
allowance and a favorable action on the merits is respectfully requested. 



PROSKAUER ROSE LLP 
1585 Broadway 
New York, NY 10036-8299 
Telephone: (212) 969-3000 

Attachment: JP '7/207,357 (in Japanese and English) 



Respectfully submitted, 
PROSKAUER ROSE LLP 
Attorney for Applicant(s) 



Date: March 29, 2004 




Reg. No. 29,161 
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TITLE : FILTRATION METHOD OF MOLTEN AL ORAL ALLOY 

ABSTRACT : PURPOSE: To extend the life of an expensive filter by adding a crystal grain size 

micronizing agent to molten metal in between a first and second stage of a refractory 
porous filter and filtering. 

CONSTITUTION: Molten Al or Al alloy is filtered by using a filter prior to casting. In this 
case, a refractory porous filter is fitted in two stages. A crystal grain size micronizing agent, 
is added to molten metal in between the first porous filter and second porous filter to filter 
the molten, metal-. Also, when each filtration is executed by two ^ stage filters, each molten 
metal is oxidized to form Al oxide in molten metal and is filtered, at the early stage of 
filtration, an oxide film is formed on the filtration front side of each filter, a removing 
efficiency of the inclusions in molten metal is improved. By this method, the adverse; . 
impact due to adding a crystal grain micronizing agent is suppressed to a minimum''., 
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Translation of the description of the Japanese laid-open patent application 
JP-A 7-207357 

Title: Filtration method for molten Al or Al alloy 
Claims 

1. Filtration method for molten Al or Al alloy, characterized in that refractory porous 
filters are provided In two stages when molten Al or Al alloy is subjected to filtration 
and that the filtration is performed by adding a grain refiner between the first 
refractory porous filter and the second refractory porous filter. 

2. A filtration method for molten Al or Al alloy according to claim 1 , wherein the 
filtration by the first refractory porous filter and the second refractory porous filter is 
performed after formation of Al oxide the molten metal by means of oxidation of each 
molten metal in order to form an oxide film on the filtration front side of each filter at 
the early stage of filtration- 

3. A filtration method for molten Al or Al alloy according to claim 2, wherein the 
oxidation of said molten metal at the stage of filtration using the second refractory 
porous filter is carried out simultaneously or before or after the addition of the grain 
refiner. 

4. A filtration method for molten Al or Al alloy according to one of the aforementioned 
claims, wherein a tube filter is used as first refractory porous filter and a plate filter is 
used as second refractory porous filter. 

Detailed Description of the Invention 

0001 Industrial Field of the Invention 

The Invention relates to a technique for the extension of the lifetime of filters used for 
the filtration of molten Al or Al alloys. 

0002 Prior Art 

Because of their low weight, their processability and the decorative possibles of 
their surface Al and Al alloys are used for various applications. The product quality 
can be damaged by contamination of the material by impurities. The latter can result 
in the formation of coarse eutectic compounds which have a negative impact on 
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material properties like strength, rigidity and treatability of the materia! surface. 
Particularly In recent years the requirements towards material quality have become 
tougher with the trend to thickness reduction of A! products and to thinner wires. 
Therefore, it became necessary to deliver Al and Al alloys (hereafter both referred as 
Al) with a defect-free stable high quality. 

0003 

The production of Al can be divided into the following four basic processes: 

1) Melting of the raw material, 

2) Refining in the smelting furnace, 

3) Refining outside of the furnace, 

4) Casting. 

Thereof especially the refining processes are of great importance as far as the 
prevention of material defects resulting from impurities is concerned. The present 
invention is related to the filtration of the Al melt performed as last step of the refining 
process outside the furnace (process no. 3) or, in other words, as a step directly in 
advance of the casting (i.e. process no. 4). 

0004 

The most important reason for defective Al products is the contamination with 
inclusions. These inclusions can come from two sources, on the one hand they result 
from oxides and other impurities introduced as raw material, on the other hand they 
can result form oxides formed during the refining process in smelting furnaces when 
the molten material reacts with atmospheric oxygen. Both types of inclusions are 
practically irreversible so that they must be filtered off directly in advance of casting. 
The filtration of the Al melt therefore is a very important production step. 

0005 

Since all inclusions that are introduced into the material during the processes no.1 
and no. 2 have to be eliminated, great amounts of inclusions are collected in the 
filtration front side of the filters, this circumstance results in a clogging of the filters 
already after having treated only a few charges. In older times plate filters were used 
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as filters but in recent years a technology found wide usage that combines several 
tube filter elements and thus provides an enlargement of the fitter area surface and 
therefore results in a more effective filtration from outside to inside. A disadvantage 
of this technology can be seen in the high price of these tube filters. Related to the 
quick clogging of the filters they have to be disposed and exchanged quite frequently. 
This results in a disadvantageous increase of the production cost of Al. 

0006 

Under these circumstances the objective of a prolongation of the filter lifetime has 
been object of various studies. E.g. in the JP-B 52-41726 a technique is proposed 
that provides an elimination of the inorganic cake sticking to the filtration front side. 
This technique is applied to cartridge-type filter sets consisting of a combination of 
several tube filters. An inert gas is blown into the melt from downside so that fine inert 
gas bubbles are blown onto the said cake in order to detach it from the filter surface, 
then it is redispersed into the molten metal. Parallel to this it is tried to eliminate H 2 
dissolved in the molten metal by diffusion of it into the inert gas bubbles. 

0007 

However, since the cake layer is a very tenacious matter a complete removal of the 
cake cannot be achieved by simply blowing fine inert gas bubbles onto it. Therefore, 
there is a great demand for a new means that can replace this technique. Recent 
studies of the inventors revealed that there are several reasons for the build-up of 
said tenacious cake layer that cannot be detached easily due to its tenacity. 

0008 Objective to be solved by the Invention 

Under these circumstances it is an objective of the present invention to reduce the 
influence of factors that cause said solidification of the cake layer and o enable an 
easier removal of the cake from the filters, i.e. to stop the cake formation at a level at 
which it can be easily and substantially eliminated by the known method as described 
above. 
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0009 

the basic characteristics of this invention that could solve aforementioned objective 
consist in providing refractory porous filters in two stages when molten Al or Ai alloy 
is subjected to filtration and in that said filtration is performed by adding a grain 
refiner between the first refractory porous filter and the second refractory porous 
filter. If the filtration by the first refractory porous fitter and the second refractory 
porous filter is performed after formation of A! oxide the molten metal by means of 
oxidation of each molten metal, an oxide film on the filtration front side of each filter is 
formed at the early stage of filtration so that a higher elimination ratio for inclusions in 
the molten material is achieved due to a decreased mesh size. According to a further 
preferred embodiment of the invention, the oxidation of the molten metal at the stage 
of filtration using the second refractory porous filter is carried out simultaneously or 
before or after the addition of the grain refiner. This allows performing the filtration 
after the formation of A) oxides within the molten metal. According to a further 
preferred embodiment of the invention a tube filter is used as first refractory porous 
filter and a plate filter is used as second refractory porous filter. 

0010 

Functioning of the Invention 

In the following at first the clogging state of the filter is discussed. The inclusions in 
the molten Al that are subjected to filtration can roughly be classified into two groups. 
The first one consists of oxides with a high melting point that have extremely larger 
diameters compared to the filter mesh size and are mainly present in a film-shape. 
The second one is made up of high melting oxides being mainly present as fine 
particles with diameters which are extremely smaller than the filter mesh size. In the 

first stage of filtration the film-type inclusions are deposited on the filtration front side 
(hereafter simply called surface). When these inclusions adhere to the lattice 
constituting the filter the filter will be clogged in a short time so that it appears soon 
as a filter with an extremely small mash size. Therefore, even the particulate-type 
inclusions that ordinarily would have passed the filter are collected by the filter. This 
means that the filtration of molten Al usually relates to a "surface filtration" 
mechanism. In this case the filter surface is covered with the film-type oxide adhering 
onto the surface after the passage of only one charge. In addition, this results in a 
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state in which particulate oxides are sticking onto these film-type oxides in a 
dispersed distribution. 



0011 



It can be easily understood that a cake formed in the discussed manner has a base 
that will show a growth resulting in a rather firm matter so that a cake will be formed 
that shows an even stronger tenacity. This is due to reasons that will be discussed in 
the following and that lead - together with the reasons found by the studies of the 
inventors and described above - to the high tenacity of the filter cake. 



0012 



One important characteristic required from Al products is mechanical strength. In 
order to meet this requirement it is necessary to refine the crystal grain size, 
therefore it is a common practice to use grain refiners, e.g. Ti or Ti-B. When Al scrap 
is used as raw material these grain refiners are added as Al-Ti or Al-Ti-B wires or 
lumps. Being introduced into the Al melt after, being added to the Al scrap it can occur 
that Ti or Ti-B grow to relatively coarse inclusions within the Al products depending 
on the melting conditions at the time of their addition or the cooling rate during the 
casting process. It is a known fact that Ti or Ti-B as inclusions loose their grain 
refining activity in the remolten Al melt. This is naturally the case when they are 
present as coarse inclusions but also when they show no further growth or when they 
are fine dispersed. Therefore it is necessary to re-add the grain refiner if it is intended 
to use remolten Al scrap according to the present invention for Al production. 
However, the grain refiners found on the market are Al-Ti and Al-Ti-B in the form of 
wires and lumps and during the manufacturing process these grain refiners often 
cause contamination in the form of insoluble coarse inclusions when being added to 
remolten Al melt. Therefore, in addition to coarse Ti and Ti-B inclusions from the Al 
scrap coarse Ti and Ti-B inclusions as ingredients of the newly added grain refiner 
are present in the Al melt. Since these impurities have lost their grain refining activity 
they must be filtered off together with the aforementioned oxide inclusions. 



0013 



When the molten metal containing the aforementioned grain refiners is subjected to 
filtration, the aforementioned coarse Al-Ti and Al-Ti-B impurities are collected 
together with the particulate inclusions due to the aforementioned surface filtratton 
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mechanism that, as described above, appears when f.lm-type inclusions are adher ng 
onto the filter surface. The fact that these are collected itself is in accordance wrth the 
objectives of the filtration but the inclusion comprised in the Al melt success,veiy 
accumulate and grow with the progression of the filtration so that in the end the 
dogging of the fiKar reaches an extent at which a further filtration is impossible. As a 
result of a further study of the progression of the aforementioned surface filtration 
mechanism from various perspectives the inventors found that the grain ref.nerthat ,s 
added to the remolten Al melt is not sufficiently finely dispersed in the melt and partly 
dispersed in the state of coarse aggregations so that it is collected together with the 
oxide inclusions on the filter surface without performing its grain refining actwrty. Th.s 

reason for the strong resistance of the cake against the attempt to peel it off from the 
filter surface. 



0014 



The-eupor. the inventors carried ou, experts comprising the filtrate of severat 
barges, wherein in case A grain refinerwas added before the Nation (conventional 
method) and in case B the filtration was carried out without previous grain refiner 
addition. These experiments were undertaken in order to compare the variation of the 
head value at the melt inlet side of the used filters. Head value in this context means 
the difference In alAtude between the melt level at the Alter inlet side (high leve.) and 
the melt level at the Alter outlet side (low level) under a steady overflow at the outlet 
^de controlled by the amount of melt charged to the inlet side (the Alter box was 
divided into a melt inlet side and a melt outlet side by a plate^pe Alter and the 
a,ttude of the melt level Is kept constant at the outlet side by overflow). Hence the 
head value increases with the IntensBication of the clogging due to the increase of 
the cake on the filter surface. 

0015 

The comparison of the head value variation ,„ the described experiment led to the 
rLthaUncaseA^nvenAonalma^ltheheadvalueat^endofoneAl^on 

5. « almost no. *r from Ute head value a, the beginning o, the next AnraAon 
charge This means that the head value increases within one filtration charge ,n 
a ccordance^ththeprogressionofmeAltration,butmeheadvaluein=re aS e 

e".lg from the AMraAon progression of the following charge (wth the head value 
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reached by the previous charge) is simply just added. Hence the head value can only 
increase so that the limit area whereat a further filtration becomes impossible is 
already reached after having processed only a few charges. In case B, i.e. filtration 
without addition of grain refiner, the head value also increases within one filtration 
charge in accordance with the progression of the filtration. In this point there is no 
difference with case A. However, the head value at the beginning of the following 
charge is significantly lower than the head value at the end of the previous charge. 
This is a really astonishing new finding and can be interpreted as that the head value 
decrease observed during the waiting time between the end of the filtration of one 
charge and the start of the filtration of the next charge is due to an auto-releasing 
action performed by the residual melt of the previous charge that is kept in the filter 
for filter protection during said waiting time and obviously releases the sticking cake 
from the filter surface. The elucidation of the fact that the re-addition of grain refiners 
hinders the release of the cake provides indeed many merits. 

0016 

Based on this finding, rt one fundamental constitutive element of the present 
invention that grain refiners are not added in advance of the filtration. However, in 
order to increase the mechanical strength of Al products it is necessary to add a grain 
refiner during the manufacturing process and it is further necessary to establish a 
means to eliminate aforementioned coarse grain refiners that are introduced into the 
melt by re-addition. As a result of intense studies the present invention is 
characterized in that a filter is provided at two stages and that the grain refiner is 
added before the second filter. As one can understand from the comparison between 
case A and B as described above, this constitution allows a prolongation of the 
lifetime of the first filter. Hence an expensive filter, e.g. a tube-type filter, is used as 
filter at the first stag e while a cheap and therefore disposable platershape filter is 
used at the second stage. By the way, a filtration at several stages is disclosed e.g. in 
Japanese laid open patent application no. JP 2-21 1937 A, but said application 
intends for a laminar flow of the melt and completely different from the present 
invention as far as its objectives and constitution is concerned. 
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0017 

As can be understood from the aforementioned description of the surface filtration 
mechanism the film-type oxide inclusions are collected within the first stage filter so 
that there are no film-type oxide inclusions in the melt when it is filtered with the 
second stage filter. Thereupon it is a useful means in order to contribute to the 
surface filtration mechanism in the second stage filter to form film-type inclusions in 
the Al melt by subjecting it to an active oxidation directly before the second stage 
filter. This active oxidation can be carried out e.g. according to the methods 
described in the following. 

0018 

(1) Blowing air into the melt 

By the air blown into the melt its interior is directly subjected to oxidation. 
Furthermore the melt surface is oxidized at the atmosphere due to the agitation effect 
of the air blown into the melt. This allows a rapid formation of film-type oxides. Since 
these oxides can adhere onto the filter surface, the next charge undergoes a stable 
surface filtration from the beginning. 

(2) Blowing inert gas into the melt 

The melt surface is agitated by the inert gas so that the surface can easily be 
oxidized by the atmosphere. The oxidation happens not as rapid as by blowing air 
into the melt but nevertheless it results in a rapid formation of film-type oxides. 

(3) Mechanical or magnetic agitation of the melt 

This method has substantially the same effect like the two previous methods and also 
results in a rapid formation of fiim-type oxides. 

0019 

Investigations revealed that the size of the film-type oxides formed by the 
aforementioned oxidation methods ranges from millimeters to some hundred um and 
that almost no particulate oxides are formed by application of said compulsory 
oxidation methods. These sizes are sufficient in order to cause a clogging of the filter 
surfaces since the maximal mash size of usual filters is about some hundred um. Due 
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to the rapid oxidation the filter will soon be changed into a small mash size filter and 
thus can be used for the filtration of the next charge. As far as the properties of the 
film-type oxides produced by the aforementioned compulsory oxidation methods are 
concerned it is recommended to investigate them by preliminary tests conducted 
under various conditions for the melt and the filter. 

0020 

The aforementioned active oxidation of the Al melt is not restricted on conduction 
before the second stage filter; if necessary, it can be conducted also before the first 
stage filter. This will contribute to a higher surface filtration performance. When the 
active oxidation is carried out before the second stage filter, it can be conducted 
simultaneously with the grain refiner addition but also before or after the grain refiner 
addition. 

0021 

Working Examples 

Castings were obtained by carrying out the following processes starting with the 
melting of the raw material. 

Raw material: alloy JIS 3004 consisting of 70% scrap and 30% ground metal (Al 
99.7%) 

Melting: 30 1 reverberatory furnace fired with heavy oil, atmospheric melting 

at 740 °C. 

Refining: blowing of Cl 2 gas into the melt (200 N1/min x 20 min.), deslagging 

Soaking: holding of the melt in a reverberatory furnace fired with heavy oil 

(same as above) 

Filtration: 1 st stage: tube filter HD ex Mitsui Mining & Smelting (1 unit of 1 8 
filter elements) 

2nd stage: "Actothermix Filter" (ex Kobe Steel, diameter: 2 mm, 
size: 500 mm x 500 mm x 50 mm) provided vertically towards the 
melt stream 
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grain refiner (A): A!-Ti-B wire (0.01% Ti, 0.002% B in the melt 

Oxidation (B): before 2nd stage filter, 10 min blowing of 5 l/min of Ar with a lance 
(10 mm diameter) 

The results are arranged in table 1 . 
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Table 1 



MO. 


lifetime of 
tube filter 


lifetime of plate 
filter 


quality of castings 


remarks 


general 
evaluation 


order of execution of A 
and B 


1 


10OOt 


deposed after 
30 t/charge 


inclusion defects 
beyond ppm level 






A, then B (before 2nd 
stage filter) 


2 


1000t 


disposed after 
30 t/charge 


inclusion defects 
beyond ppm level 




good 


B, then A (before 2nd 
stage fitter) 


3 


100Ot 


disposed after 
30 t/charge 


inclusion defects 
beyond ppm level 




good 


simultaneously A and B 
before 2nd stage filter 




lUUv ( 


30 t/charge 


level of inclusion 

IwfWI Vl II IWImWIVM 

defect: 100 ppm 


coarse inclusions from 
the grain refiner could 
not be collected in the 
plate filter 


bad 


only execution of A 
(before 2nd stage filter), 
B omitted 


5 


10OOt 




level of inclusion 
defects: 200 ppm 


coarse inclusions from 
the grain refiner 
remained unchanged in 
the castings 


bad 


only execution of A, plate 
filter omitted 


6 


600 t 




inclusion defects 
beyond ppm level 


Short lifetime of the tube 
fitter but good quality 


bad 


execution of A before 1st 
stage filter, B and plate 
filter omitted 



As it can be understood from table 1 , good results were obtained in the examples 
wherein the melt was subjected to the filtration on 2 stages and wherein the grain 
refiner was added before the 2nd stage filter in combination with oxidation of the 
melt. It is remarkable that the lifetime of the tube filter used as 1st stage filter could 
be prolonged with the factor 1.5. 

0024 

Advantages of the invention 

The constitution of the present invention as described above allows to keep negative 
impacts resulting from the addition of grain refiners can be reduced to a minimal level 
and to prolong the lifetime of expensive filters. 



